23 Wnt/FZD signalling activity is required for spinal cord development, including the dorsal-24 ventral patterning of the neural tube, where it affects proliferation and specification of 25 neurons. Wnt ligands initiate canonical, β-catenin-dependent, signaling by binding to 26 Frizzled receptors. However, in many developmental contexts the cognate FZD receptor 27 for a particular Wnt ligand remains to be identified. Here, we characterized FZD10 28 expression in the dorsal neural tube where it overlaps with both Wnt1 and Wnt3a, as well 29 as markers of dorsal progenitors and interneurons. We show FZD10 expression is sensitive 30 to Wnt1, but not Wnt3a expression, and FZD10 plays a role in neural tube patterning.
88 signaling in the developing chick neural tube. We examined FZD10 expression and its 89 relationship with Wnt1 and Wnt3a in the dorsal neural tube. Using in ovo electroporations 90 of shRNA, we show that FZD10 knockdown affects cell proliferation and differentiation 91 of the neural tube. Targeted mis-expression of Wnt1 and Wnt3a show that Wnt1 positively 92 affects FZD10 expression whereas Wnt3a has no effect, suggesting that Wnt1 may act 93 through FZD10. Consistent with this idea, FZD10-shRNA inhibited the Wnt1-mediated 94 dorsalization of the neural tube. To determine the importance of the Lrp6 co-receptor in 95 Wnt1/FZD10 signaling in vivo we used co-electroporations into the neural tube. This 
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1B, C, E). FZD10 expression was seen in dorsal regions in which neural differentiation 124 markers were expressed: Ngn1 (dp 2), Islet1 (dp 3) ( Fig. 1G , H, I, K) and Lhx1/5 (dp 2-4) 125 ( Fig. 1J and K). In summary, FZD10 was strongly expressed in dorsal domains of the spinal 126 cord that were positive for dorsal progenitor interneuron markers. 
147
Although electroporation is mosaic and there is residual expression. Scrambled shRNA 148 plasmids had no effect on expression of FZD10 (Supp Fig. 1 ).
149
Next, we analysed the effects of FZD10 knockdown on spinal cord development.
150
Cryosections of embryos electroporated with FZD10 shRNA plasmids showed that the extended expression with strong signal in the roof plate (n=13/15 ) ( Fig. 4A, B ). However,
226
FZD10 expression was not affected by Wnt3a (n=12/15) ( Fig. 4C, D ), suggesting that Wnt1 227 but not Wnt3a regulates expression of FZD10 in the dorsal neural tube. Fig. 4 ) and with well-characterized dorsal progenitor markers, Pax3 and 324 Pax7, during neurogenesis (Fig. 1) . In situ proximity ligation assays showed that in vitro 325 FZD10 interacts with both Wnt1 and Wnt3a (Galli et al., 2014) . We determined whether 326 Wnt1 and/or Wnt3a affect FZD10 expression in vivo. We find that in response to Wnt1 327 FZD10 expression extends ventrally, but it is not affected by Wnt3a transfection into the 328 neural tube (Fig. 4 ). This suggests that FZD10 expression is regulated by Wnt1 in the dorsal 329 neural tube and is consistent with the idea that FZD10 mediates Wnt1 function in this 330 context. Although it should be emphasized that transcriptional regulation of a FZD receptor 331 gene by a Wnt ligand does not necessarily mean that they interact at the protein level. In 332 the case of Wnt1 and FZD10 a direct interaction in a physiological context remains to be 333 confirmed.
334
FZD10 expression suggests that it may be required for dorsal neural tube development.
Consistent with this, we show that shRNA-mediated knockdown of FZD10 results in a 336 significant decrease in the number of mitotic cells in the developing neural tube (Fig. 2) .
337
This implies that FZD10 is required for cell proliferation in the spinal cord and is in keeping 338 with the role of canonical Wnt in cell proliferation (Dickinson et al., 1994; Megason and 339 McMahon, 2002) . Moreover, the activation of dorsal genes, Pax7 and Pax6, is inhibited by 340 FZD10 knockdown as their expression domains are reduced (Fig. 3) . Neurogenesis is also 341 inhibited as the expression domains of differentiation markers, Lhx1/5 and Tuj1, are 342 reduced (Fig. 3) . The knockdown is mosaic, and it is not clear at present whether FZD10 343 affects proliferation and the expression of these marker genes directly or indirectly. In 344 addition, FZD10 knockdown by shRNA could rescue the Wnt1-induced dorsalisation of 345 the neural tube, as shown by lack of ventral Pax7 expansion. The effect of Wnt1 on Pax6 346 expansion was more subtle, but a rescue by FZD10 shRNA is still apparent (Fig. 5) . In 347 contrast, the Wnt3a mediated ventral expansion of dorsal genes, Pax6 and Pax7, is not 348 affected by FZD10 knockdown (Fig. 5 ). This suggests that FZD10 is required for dorsal 349 neural tube patterning and neurogenesis mediated by Wnt1, but not Wnt3a.
350
This is reminiscent of previous in vivo and in vitro studies. In particular, FZD10 did not Fig. 5 ). This is surprising as FZD10 activated 
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In addition, we show that Wnt1 increased the luciferase activity of a canonical Wnt reporter by 20%, indicative of increased transcriptional activation. Addition of both FZD10 and the 382 LRP6 co-receptor further enhanced the Wnt1 induced activation of luciferase expression, 383 but FZD10 shRNA negatively affected the response. (Fig. 6M) . 
